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Abstract—This study focuses on the design and development of 
a courseware as a supplementary learning material for Hajj. 
Based on the results of previous researches and current initial 
findings, Hajj supplementary learning materials approaches 
are less effective in giving clear understanding to users, 
particularly the pilgrims. Most of the materials are based on 
passive learning. In providing a better learning aid for 
supporting active learning and self-directed learning, this 
study incorporates virtual environments (VE) and multimedia 
technologies to develop Virtual Hajj (V-Hajj) courseware. In 
addition, to produce a material that can persuade users, 
particularly the elders to use computer technology as their 
supplementary learning material, this study adapted the 
persuasive design guidelines from persuasive technology. 
Besides, multimedia and VE design and development processes 
have been applied to guide the V-Hajj implementation. 
Persuasive technology principles, constructivist theory, 
multimedia learning theory and principles were also applied.  
Keywords-component; multimedia; VE; persuasive 
technology; persuasive design; methodology 
I.  INTRODUCTION 
Hajj is one of the five pillars of Islam. Every capable and 
able-bodied Muslim is obliged to make the pilgrimage to 
Mecca at least once in their lifetime. The Hajj procedures 
are complex with many information, rules, tasks, practical 
steps and Al-Quran verses that must be memorized. Even 
though comprehensive courses are provided by the Lembaga 
Tabung Haji (LTH) for the Malaysian pilgrims, 
supplementary learning materials are still required [1]. 
Practical steps in Hajj require pilgrims to actively involve in 
performing the steps for Tawaf, Sa'ie and Stoning of the 
Jamarat. However, for the practical rituals, the learners have 
no choice but to involve in the practical sessions in order to 
understand the steps and to experience in a real life 
situation. Hence, the only practical parts (require learners to 
actively involve) is from the course session itself. According 
to [2], VE is the best alternative to be employed during the 
practical training for learning about Hajj based on the 
supplementary material. The real time of life-like 
environment and self-directed learning capabilities can 
increase learners understanding towards the Hajj 
procedures. Meanwhile, the use of multimedia is the best 
way to convey information effectively, such as through the 
use of graphics [3]. Besides that, VE is also one of the 
technology in ‘captology’ that can be used to persuade the 
intended users. This study attempts to utilize persuasive 
design in changing the attitude and behavior of elders (40 
years and above) who were found to dislike the technology 
based supplementary Hajj learning approaches.  
II. MULTIMEDIA, VE AND PERSUASIVE TECHNOLOGY 
A. Multimedia and VE Strength  
Multimedia in learning comprises the combination of 
any text, graphic, animation, video and audio elements in 
the knowledge construction process and provides an active 
learning environment to the learners [4] [5]. It certainly has 
the potential to convey information in an attractive way and 
understandable to the learners [6]. In the same vein, the use 
of VE in learning offers unique capabilities to convey 
information [7]. Among learning benefits offered by this 
technology include; enabling learners to obtain the 3D 
visualization, visualize abstract concepts, articulate 
understanding and visualize a dynamic relationship through 
the environment. This study attempts to integrate the 
multimedia and VE technologies in V-Hajj. The multimedia 
elements in V-Hajj facilitate the explanation of the Hajj 
procedures. While the 3D real time visualization helps 
learners to experience performing the practical rituals of  
Hajj. 
B. The Relationship between VE and Persuasive 
Technology 
VE is defined as any real time interactive three 
dimensional systems, a virtual space which can be visited 
but not necessarily resembling the real world [8]. VE is a 
technology that allows computer-simulated interaction 
between users and computer [9]. The use of VE in learning 
promises a better understanding and effectiveness. VE 
allows a learner to train different dimensions of mind, which 
is not encouraged by symbolic interaction with an ordinary 
computer system. It is a revolution whereby the learner can 
collaborate with skills and participations in the same 
environment [7]. 
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Persuasive technology or persuasive computer is an 
interactive technology that can change a person’s attitudes 
or behaviours [10]. This technology is regularly used in 
many areas such as sales, religion, military training, public 
health and management and also in VE. This technology 
focuses on computational technologies including desktop 
computers [11]. According to [10], there are three types of 
persuasion: interpersonal persuasion, computer-mediated 
persuasion, and human-computer persuasion as shown in 
Fig.1. Interpersonal persuasion is when a person persuades 
the others by using a verbal or non-verbal communication. 
Computer-mediated persuasion occurs when someone uses 
technology such as computer technology, to persuade 
people (via e-mail, animations or others). Meanwhile, the 
human-computer persuasion involves the persuasion 
through human-computer interaction. The overlapping of 
human-computer technology in persuading people is also 
known as ‘captology’. Fig. 2 shows the ‘captology’ concept 
where computers, particularly VE, and persuasion are 
overlapped. Besides that, according to [10], in persuasive 
technology, there are three ways where computer can 
change people's lives. Paralleling with the VE, the 
persuasive computing technology and the VE relation can 




Figure 1.    Three Types of Persuasion 
 
 
Figure 2.    The Area of Captology 
 
TABLE I.  PERSUASIVE AND VE TECHNOLOGY RELATIONSHIP 
PT VEs
They can make it easier 
for people to do things 
by making things easier, 
either by giving people 
shortcuts to annoying 
processes or by 
reminding them that it's 
time to exercise. 
VE for learning can be meant of 
enhancing, motivating and stimulating 
learners’ understanding of certain events, 
especially those for which the traditional 
notion of instructional learning has 
proven inappropriate or difficult [12]. 
They can provide an 
experience, allowing 




VE offers the possibility to recreate the 
real world as it is or to create completely 
new worlds, providing experiences that 
can help people in understanding 
concepts as well as learning to perform 
specific tasks, where the task can be 
repeated as often as required and in a 
safe environment [13]. 
They can create 
relationships, either with 
other people or with the 
program. 
Relationship with VEs as an educational 
tool, (VE) or any other media immersion 
should allow a student to actively 
become part of learning and reviewing 
process [14]. 
 
C. The Persuasive Design 
Reference [15] proposed eight steps for designing 
persuasive technology. Since this study attempts to produce 
V-Hajj courseware that can persuade the elders to use 
computer technology as their learning aid, the persuasive 
design steps were considered as guidelines to this study. The 
steps are as follows. 
• Step1 - Choose a simple behavior to target: The 
design team should select the smallest, simplest 
behavior that matters. 
• Step2 - Choose a receptive audience: In the 
persuasive design process involves choosing the 
right audience for your intervention. 
• Step3 - Find what is preventing the target behavior: 
The design team must pinpoint why people aren’t 
performing the behavior. 
• Step4 - Choose an appropriate technology channel: 
Choosing the best channel for the technology 
intervention. Which channel is “best” usually 
depends on each factors. 
• Step5 - Find relevant examples of PT: Search for 
examples of successful persuasive technologies that 
are relevant to their intervention, as defined in the 
previous steps. 
• Step6 - Imitate successful examples: The next step in 
the persuasive design process is to imitate what’s 
working in the successful examples gathered in Step 
5. 
• Step7 - Test & iterate quickly: Test various 
persuasive experiences quickly and repeatedly. 
• Step8 - Expand on success: Scale up the success.  
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III. METHODOLOGY 
This study adapted the design research methodology 
proposed by [16]. It combines the processes and methods by 
[5] for the multimedia authoring, and by [17] for the VE 
authoring. The methodology integrates the persuasive 
design guidelines by [15]. The overall methodology is 
shown in Fig. 2. 
 
 
Figure 2.    Research Methodology 
 
A. Awareness of Problem 
The first phase requires the researcher to analyze the 
problems and situations on the latest development in the 
area and related industries [16]. A survey has been 
conducted to confirm the research problems related to Hajj 
learning procedures from 60 of respondents. The 
respondents were from age range 19 years old and above.  
22 respondents above the age of 40 were grouped as Elder, 
while 38 respondents between the age of 19 and 39 were 
grouped as Youngster. From the results, the respondents did 
agree that they have hard times to imagine the Hajj 
procedures. It also revealed that the Elder were afraid to use 
a technology based learning approach. Based on the 
identified problems, the objectives and phases involved to 
achieve the objectives were formulated. The persuasive 
design guidelines were adapted throughout the research 
processes and a proposal was produced in this phase. The 
following sections explain in detail the sub-phases and tasks 
involved in this phase. This first process was to identify the 
current learning method of Hajj procedures (see Figure 2). 
The process involved the gathering of information 
pertaining to the methods used in learning about Hajj. Based 
on the survey, the available methods for learning about Hajj 
can be obtained from courses, talk, books, CDs/DVDs, 
videos, and websites. Courses which are conducted by the 
Lembaga Tabung Haji (LTH) are the main source of 
learning about Hajj while the others are considered as 
supplementary learning approaches to strengthen learners' 
understanding and knowledge about Hajj. Below are the 
additional steps for persuasive design guidelines. 
a) Choose a simple behaviour to target (select a 
simple behaviour that matters): In relation to the main 
purpose of this study, the target is to emphasize the use of 
computer technology incorporating active learning to users 
who wanted to learn about Hajj on their own. 
b) Choose a receptive audience (the selected target 
audience for intervention): In this study, the users were 
divided into two groups; youngsters and elders. The 
youngsters are the ‘computer-savvy’ generation and mostly 
attracted to new invention. While the elders were found to 
be the the least favourable in using computer technology for 
learning about Hajj based on the preliminary study.  
c) Find what is preventing the target behavior 
(pimpoint why the target audience are not performing the 
bahviour): The elders usually were not fully exposed and 
afraid to use computer technology. They were more 
comfortable with the traditional approach of learning which 
is passive in nature such as listening to talks and reading the 
books. However,  previous researchers found that passive 
learning minimizes the understanding of users. 
B. Suggestion 
As for the suggestion, a courseware which integrates 
multimedia and VE will be designed for learning about Hajj. 
The suggestion also takes into account the active learning 
and persuasive technology concepts for the elders to use the 
courseware as a supplementary material for learning about 
Hajj. In this phase the outputs include; a persuasive VE and 
multimedia design model (see Fig. 3), the persuasive VE 
and multimedia prototype development processes (see Fig. 
2) and tentative designs or storyboards. 
 
Figure 3.   The Model of the Study 
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The storyboard is an expression draft of everything that 
contains in an application such as how the menu screens 
will look like, what pictures (still and  moving) will be 
displayed,  when and for how long, what audio and text will 
accompany the images, either synchronously or hyperlinked 
and others [18]. The storyboards for V-Hajj were classified 
into two namely multimedia and VE storyboards. Persuasive 
design guidelines were referred in this phase, as the 
continuity from the guidelines in the awareness of the 
problem. 
d) Choose an appropriate technology channel (choose 
the best channel for technology intervention): V-Hajj 
integrates two technologies in the courseware design. The 
integration was required to enhance active learning  within 
the users’ own experience since most of the Hajj learning 
approaches are based on passive learning.  
e) Find relevant examples of persuasive technology 
(searching the examples of successful persuasive 
technologies that are relevant to their intervention, as 
defined in the previous steps): The examples are prominent 
in persuading the target users in using V-Hajj either for 
youngsters or elders. In order to stay relevant in this study,  
persuasive technology principles were used to guide the 
design and development processes.  The principles were 
used in most applications or products in persuading users to 
change their behavior, such as the learning behavior [10]. 
The descriptions of the principles are explained in precise in 
the following sub-sections.  
• Principles of cause and effect: Simulations (such as 
VE) can persuade people to change their attitudes 
or behaviors by enabling them to observe 
immediately the link between cause and effect. 
• Principles of virtual rehearsal: Providing 
motivating simulated environments (such as in 
Tawaf) in which to rehearse behavior enables 
people to change their attitudes or behavior in the 
real world. 
• Principles of simulations in real-world contexts: 
Portable simulation technologies designed for use 
during everyday routines can highlight the impact 
of certain behavior and motivate behavior or 
attitude change. 
• Principles of attractiveness: A computing 
technology that is visually attractive to target users 
is likely to be more persuasive as well. 
• Principles of conditioning: Computing technology 
can be used for positive reinforcement in shaping 
complex behavior or transform existing behaviors 
to habits. In V-Hajj courseware, a user will use, 
learn or practices (for example Tawaf) in a real 
time learning, the user will feel comfortable and 
confident with the procedure in a real situation. 
f) Imitate Successful Examples (imitate the successful 
examples): In this study, it was not only to imitate but added 
other additional matters, which are a number of principles 
and guidelines were included in order to produce a 
courseware that can attract users to learning about Hajj and 
increase their comprehension. The principles and guidelines 
were referred to three parts; Constructivist, multimedia 
design guidelines and CTML principles as shown in the 
model of the study (see Fig. 3). 
• Constructivist Approach for VE: The constructivist 
approach provides an active learning concept in a 
learning process. According to constructivist 
theory, learning is an active and social process in 
which students play an active role in building 
knowledge, discovering relationships among facts, 
constructing conceptual frameworks that explain 
those relationships, and exploring new arenas [19]. 
Through the approach, VE provides an active 
learning process. It is possible to say that VE is a 
powerful technology susceptible to be used for 
knowledge construction under the umbrella of 
constructivist. Coinciding with the concept, the 
constructivist concept of VE is giving a more 
active concept to the user in the Hajj learning 
process. 
• Cognitive Theory of Multimedia Learning (CTML): 
This leads to the topic of how cognitive science can 
guide in creating a more effective computer-based 
training and multimedia learning, which [20] 
defines as the presentation of material using words 
and pictures. He proposed CTML which is derived 
from dual-coding theory and cognitive load theory. 
CTML is related to how people learn and process 
information. It assumes that human information 
processing includes dual channels (visual and 
verbal processing) whereby both processing have 
their limited capacity. Thus, this study considered 
the CTML in order to convey an effective learning 
environment to the users. Graphics (still or 
moving), animations and texts of Hajj information 
were organized in two terms; visually and verbally. 
The combinations of the elements will be 
integrated in order to keep the information in the 
users’ long-term memory. At the end of the 
process, V-Hajj is hoped to retain more 
understanding and memory for the Hajj procedures 
to the users. 
• Multimedia Learning Principles: Reference [20] 
proposed seven principles for the multimedia 
design principles. However, to use some of the 
principles also promise good persuasive impact to 
the learners as in [21]. Hence, four principles were 
used in the V-Hajj courseware which is; 
multimedia principle, spatial contiguity principle, 
temporal contiguity principle and coherence 
principle.  
C. Development 
Prototype development is a proof-by-demonstration tool 
to find answers to the research questions [22]. The key-steps 
of prototype development used in this research were devised 
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by [5] for multimedia authoring and [17] for VE authoring. 
There are four steps in VE processes namely; scene 
definition, object modelling, database conversion and VE 
authoring. Meanwhile, the multimedia processes include 
three main phases namely; pre-authoring, authoring and 
post-authoring. Besides that the processes involving acquire 
media, digitize media and edit media were applied in the 
multimedia authoring. The following processes involving 
import media, add interactivity, package application, 
testing/debugging and deliver final application were applied 
for both technologies.  This is to ensure that the VE has 
been properly integrated into the multimedia platform 
software used that is Adobe Flash CS3. The processes were 
described below in detail. 
 
1) Scene Definition (VE): Scene definition phase 
ensures that all the prototype specificatiosn are properly set. 
This phase is crucial since it determines what the user will 
be able to do in the VE which is integrated with multimedia 
elements. Storyboard is still required since it is use to 
visualize the step by step design particularly on the use of 
3D models, textures and the overall interaction within the 
environment [22].   
2) Object Modelling (VE): The object modelling phase 
is the most fundamental process in developing VE [22]. The 
processes of developing the environments for learning about 
Hajj consist of two important tasks namely; geometric 
modelling and behaviour modelling. Geometric model is 
where the shape of the object is represented. The 
combination of polygons creates a model and the polygons 
will be shaped and changed to suit the environment needs. 
Texturing also is an important task for creating a more 
realistic model. Behaviour modelling represents the motion 
and the reactions of the object in the VE. All these tasks 
were developed by using Autodesk 3ds Max and Quest3D.  
3) Optional Database Conversation (VE): This phase is  
optional if a modelling system is capable of producing 3D 
geometric model files that are consistent with the authoring 
system [17]. Even though the authoring system is capable of 
supporting the 3D models, random access memory (RAM) 
and graphic capability of a computer need also to be  
considered. It determines the application speed whenever 
user runs the VE application. Furthermore, this prototype is 
also integrated with other multimedia elements which 
require more storage space. Thus, to minimize the storage 
space, every 3D model such as the Kaabah, Masjidil Haram, 
human characters and others were developed with minimum 
polygons and faces [22]. The application used in reducing 
the polygon count is Polygon Cruncher, a third-party plugin 
for Autodesk 3ds Max software. 
4) VE Authoring: VE authoring is basically a process of 
combining all the required 3D models to create 
environments such as for Tawaf, Sa'ei and stonning of the 
Jamaraat, giving behaviour to the models and integrating 
them into meaningful explanations (Hajj learning 
procedures) [22]. The authoring software used in this 
development is Quest3D version 4.2. Model modifications, 
lighting and animations were set up in this software. After 
all the 3D models were arranged, the next step is to attach 
information in the environment such as important spots, 
pop-up procedure explanations and doa, audio integrations 
and camera walkthrough. For walkthrough, collision 
detection was set-up to make the environment more 
realistic. This phase was then integrated with the multimedia 
authoring phase through the add interactivity phase in order 
to link both VE and multimedia through an executable file. 
5) Acquire Media: This phase covers all type of raw 
materials, from paper documents, to photographs and video 
clips. Elements of media related to Hajj, Umrah and Ziarah 
were collected for preparations of the V-Hajj courseware. 
6) Digitize Media: In this phase, all materials were 
acquired and assembled. The analogue materials have to be 
converted into digital forms so that they can be further 
modified and enhanced using various software packages. 
7) Edit Media: The digital images were edited by 
image-editing software in Adobe Photoshop and the texts 
were edited in a word processing package, Microsoft Word. 
Video clips were edited in Adobe Premier, and special 
effects were added to enhance the presentation. 
8) Import Media: All the files (audio, video, VE) were 
stored digitally in the computer and then imported into the 
authoring software for production using Adobe Flash CS3.  
9) Add Interactivity: In this phase, the files were 
integrated together with the interactivities to ensure that 
users are able to interact with the courseware. Interactivities 
and navigation elements are incorporated into the 
courseware to enable users to be fully involved with the 
application and to create a multi-sensory experience.  
10)  Package Application: After the development process 
is complete, the V-Hajj application files were then 
transferred to CD-ROMs. Since the courseware  contains 
self executing file, the courseware will automatically run 
once the file is being clicked by user. For presentation as 
well as aesthetic purposes, the CD cover was also designed 
and produced.  
11) Testing and Debugging: Testing and debugging were 
conducted to ensure the prototype functions correctly and 
the content is validly presented. This phase promises fault 
and error corrections before presenting the application to the 
users. Experts in VE and multimedia were involved in this 
phase. 
12) Deliver Final Application to Expert and User: This is 
the last phase of the development process. The prototype 
was delivered to the users for evaluation.     
D. Evaluation 
The purpose of evaluation is to assess the usability and 
the acceptance of V-Hajj courseware as a supplementary 
Hajj learning material among the experts and users.  V-Hajj 
was developed based on the integration VE, multimedia and 
persuasive design of computer technology. Experts in VE 
and multimedia were involved. While the users, they were 
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grouped as elders and youngsters. Heuristic evaluation was 
conducted among the experts. Meanwhile, the user 
acceptance evaluation based on the Technology Acceptance 
Model (TAM) was conducted among the two groups of 
users; Elder and Youngster, which are from 60 respondents. 
The outcomes of this phase are the results of the heuristic 
and user acceptance evaluations. This phase is similar to the 
persuasive design guideline which is to test and iterate 
quickly, that was continued from the Suggestion phase.  
g) To test and iterate quickly (test the intervention): 
After the step to imitate successful examples of persuasive 
technology, the next step is to test the users’ experiences 
quickly. These are not scientific experiments but quick trials 
that allowed the developer to see how people react. 
E. Conclusion 
This final phase explains all the conducted research 
about the acceptance of both technologies for learning about 
the Hajj from the users. The final results will be the output 
in this phase. SPSS version 15.0 for Windows was used to 
analyze the collected data. Results from the descriptive, 
realibility and t-test analyses were presented systematically 
in tabular format. The last step in persuasive guidelines 
suggested expanding the success. 
h) The Expand on Success (the intervention success 
can be extended): This eighth step in the persuasive design 
guidelines is expanded the success related to persuasive 
technology. Basically, the seven guidelines are enough for a 
project. This step is an additional part which encourages the 
researchers to widen the results in other areas, places, 
peoples, situation and so forth [15]. 
IV. CONCLUSION 
In this paper, the methodology processes related to V-
Hajj were presented. The details of the design and 
development phase of V-Hajj were also described.  VE and 
multimedia have been proven as among the most promising 
technologies in enhancing the learning process. Besides, 
they also have the persuasive potential. Thus, the integration 
of multimedia and VE, together with the persuasive design 
guidelines and theories is a novel effort in providing a 
supplementary Hajj learning material based on active 
learning which also incorporates the persuasive effect. It is 
hoped that V-Hajj enables to persuade more users to learn 
about Hajj and to experience themselves in performing the 
practical rituals as in Tawaf, Sa’ie and stonning of the 
Jamraat.   
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